Material and Methods.
Materials. Unless otherwise specified, all chemicals were used as received without further purification. Octylphosphonic acid, hexadecylphosphonic acid, dopamine hydrochloride, sodium periodate, hydrochloric acid, methanol, hexane, acetone, dichloromethane, 2-propanol, trimethoxy(propyl)silane and (3-bromopropyl)trimethoxysilane) were purchased from Sigma-Aldrich. 12-Bromododecylphosphonic acid and 3-bromopropylphosphonic acid were purchased from SiKÉMIA. Aluminum pieces (99.5% purity, mirror polished, Staalmarkt Beuningen BV) were cut using a mechanical cutter into 2×1 cm dimensions. For surface modification reactions, the samples were loaded onto a specially constructed PTFE wafer holder able to hold up to 16 samples at a time, thus ensuring rigorous reproducibility between samples.
Static Water Contact Angle (CA) Measurements. The wettability of the modified surfaces was determined by automated static water contact angle measurements with a Krüss DSA 100 goniometer (volume of the drop of deionized water was 3.0 μL). The reported values are the average of at least six droplets, and the relative error is less than ± 1°.
Infrared Reflection Absorption Spectroscopy (IRRAS)
. IRRAS spectra were obtained with a Bruker Tensor 27 FT-IR spectrometer equipped with a liquid nitrogen cooled MCTdetector, using a commercial variable-angle reflection unit (Auto Seagull, Harrick Scientific).
A Harrick grid polarizer was installed in front of the detector and was used for measuring spectra with p-polarized radiation with respect to the plane of incidence at the sample surface.
A Ge ATR crystal was used to obtain the spectra. Single channel spectra were collected at 55° using 256 scans in each measurement. The raw data were divided by the spectrum recorded on a freshly etched reference Al oxide surface, after which a baseline correction was applied to give the reported spectra.
X-ray Photoelectron Spectroscopy (XPS) Measurements.
The XPS analysis of surfaces was performed using a JPS-9200 photoelectron spectrometer (JEOL, Japan). Survey and high-resolution spectra were obtained under UHV conditions using monochromatic Al Kα Xray radiation at 12 kV and 20 mA, and an analyser pass energy of 50 eV for wide scans and 10 eV for narrow scans. The emitted electrons were collected at 10° from the surface normal (take-off angle relative to the surface normal 10°). All XPS spectra were evaluated by using Casa XPS software (version 2.3.15). Survey spectra were corrected with linear background before fitting, whereas high-resolution spectra were corrected with linear background.
Atomic area ratios were determined after a baseline correction and normalizing the peak area ratios by the corresponding atomic sensitivity factors (1.00 for C 1s, 1.80 for N 1s, 2.93 for O 1s, 4.43 for F 1s, 1.18 for P 2s and 0.54 for Al 2p, 5.03 for Br 3p).
DART-HRMS Measurements.
Analysis of the SPOCQ reacted Al surfaces were performed using a DART-SVP ion source (Ion-Sense, Saugus, MA, USA) coupled to an Exactive orbitrap high-resolution mass spectrometer (Thermo Fisher Scientific, San Jose, CA, USA), mounted on a motorized rail travelling at 0.2 mm/s. Thermo Scientific Xcalibur software (V2.1.0.1139) was used for data acquisition and processing. The measurements were performed in negative mode at 450 °C using a scan range of m/z 335.0-345.0, a mass resolution of 100,000 (FWHM) at a scan rate of 1 Hz. The ion trap was tuned with 0.1 mg/mL methanol solution of quinine (m/z 323.41 in negative mode) and optimized. The DART source was positioned 6.1 cm on the horizontal scale, 7 cm on the vertical scale with an angle of 45°, such that it is around 1 mm above the surface (Fig. S1 ). The distance from the surface to the ceramic tube is minimized by placing them at the edge of the moving rail so that maximum of the p-C 4 F 9 benzoate ions (MS-tag) would enter the MS. Preparation of phosphonic acid monolayers. 2×1 cm Al slides were sonicating in hexane for 15 min followed by wiping with lint-free cotton swabs (Texwipe, NC, USA) to remove polymer protection layer on top and remove any residual glue. The surfaces were chemically activated by immersing in 1:1 (v/v) 37% HCl-MeOH mixture for 5 min, followed by washing with water and 2-propanol. The activated surfaces were then immersed into N 2 filled vials of 5 mM solution of corresponding phosphonic acid derivative mixture in 2-propanol, heated to 50 °C for 5 min, and then left undisturbed for 5 h at room temperature to obtain selfassembled mixed monolayers. Then surfaces were taken out and sonicated successively for 5 min with 2-propanol, acetone and CH 2 Cl 2 . The surfaces were then cleaned with CH 2 Cl 2 , air dried and stored under N 2 atmosphere. From static water contact angle (SCA) measurements, it was found that the reaction was complete after 5 h, yielding monolayers with 28 -30% C as determined by XPS. Remarkably, substantially longer reaction times (16 h) contributed to the formation of undesirable multilayers (42-44% C). -S5-with copious amounts of water followed by methanol, dried and stored under nitrogen atmosphere.
Scheme S3. Preparation of catechol-terminated (S2) from bromo-terminated monolayer (S1)
Preparation of quinone-terminated monolayers. [S2 to S3] Catechol-terminated surface (S2) prepared above were stirred with NaIO 4 (213 mg, 50 mM) for 30 min, to yield quinoneterminated monolayers (S3). The samples were then washed with copious amounts of water, followed by 15 min sonication in methanol, dried and stored under nitrogen atmosphere. 
Scheme S5. SPOCQ reaction between surface bound 1,2-quinone (S3) and strained alkyne moiety of (1) on Al surface.
Computational procedures. All of the DFT calculations reported herein were carried out using performed using Gaussian'09. 2 All geometries were fully optimized using density functional theory (DFT) by means of the M11L functional and the 6-311+G(d,p) basis set.
Analytical frequencies were calculated at the same optimization level in all cases, and the natures of the stationary points were determined in each case according to the proper number of imaginary frequencies. Initially, a Monte Carlo conformational search using conformer distribution option available in Spartan'14 was used. 3 With this option, a search without constraints was performed for every structure. The torsion angles were randomly varied and the obtained structures were fully optimized using the MMFF force field. Thus, 100 minima of energy within an energy gap of 10 kcal·mol -1 were generated. These structures were analysed and ordered considering the relative energy, being the repeated geometries eliminated. In all cases, molecules with the lowest energy and an energy gap of 3.0 kcal·mol -1 were selected and studied at the M11L level.
Interfacial SPOCQ reaction on stainless steel. Stainless steel substrates were obtained from Goodfellow Inc. and further cut into 1 × 1 cm 2 pieces using an industrial metal cutter. The bare surface was initially cleaned by 15 min of sonication in methanol, followed by 15 min of sonication in dichloromethane. Final removal of adsorbed carbon impurities was effected by a 3 min plasma cleaning. To introduce reactive functional groups, the chip was immersed under an argon atmosphere into a solution of a 3:1 mixture of octylphosphonic acid and 12-bromododecylphosphonic acid (1 mM in ethanol) at room temperature overnight. After that, the substrates were then rinsed with ethanol and placed in a curing oven at 120 °C for 4 h. The modified surfaces were allowed to cool to room temperature, rinsed twice with isopropyl alcohol and twice with dichloromethane, and dried under a stream of N 2 to yield the modified surface (S9). Next, functionalized surfaces (S9) were immersed in a dopamine hydrochloride solution (neutralized with freshly distilled triethylamine) in methanol for 30 min. The samples were sonicated with methanol, washed with copious amounts of water followed by methanol, dried and stored under nitrogen atmosphere to yield the catechol terminated surface (S10).
Then, surfaces were oxidised with periodate during 30 min (S11). Finally, quinonefunctionalized slides (S11) were immersed in 3 mM BCN derivative (1) in DCE solution under N 2 and kept reacting. After completion of reaction for the desired time (8 h), the pieces (S12) were taken out, sonicated and washed with acetone to remove physisorbed moieties, dried under N 2 stream and immediately. As shown in Figure S14 , a F/N ratio around 9
indicated the full conversion of quinone groups immobilized on the silicon surfaces. atmosphere into a 2% in toluene solution (containing a 3:1 mixture of trimethoxy(propyl)silane and 3-glycidoxypropyl trimethoxysilane) for 2 h at room temperature. After 2 h, the pieces were washed with 2-propanol and air-dried. Finally, the chips were baked for 10 min at 150 °C (S13). Next, functionalized surfaces (S13) were inmersed in a dopamine hydrochloride solution (neutralized with freshly distilled triethylamine) in methanol for 30 min. The samples were sonicated with methanol, washed with copious amounts of water followed by methanol, dried and stored under nitrogen atmosphere to yield the catechol terminated surface (S14). Then, surfaces were oxidised with periodate during 30 min (S15). Finally, quinone-functionalized slides (S15) were immersed in 3 mM BCN derivative (1) in DCE solution under N 2 and kept reacting. After completion of reaction for the desired time (8 h), the pieces (S16) were taken out, sonicated and washed with acetone to remove physisorbed moieties, dried under N 2 stream and immediately. As shown in Figure S14 , a F/N ratio around 9 indicated the full conversion of quinone groups immobilized on the silicon surfaces.
Interfacial
Scheme S6. Strategy A: epoxide ring opening with dopamine under basic conditions. S13 S14 S15 S16 atmosphere into a 2% in toluene solution (containing a 3:1 mixture of trimethoxy(propyl)silane and (3-bromopropyl)trimethoxysilane) for 2 h at room temperature.
After 2 h, the pieces were washed with 2-propanol and air-dried. Finally, the chips were baked for 10 min at 150 °C (S17). Next, functionalized surfaces (S17) were inmersed in a dopamine hydrochloride solution (neutralized with freshly distilled triethylamine) in methanol for 30 min. The samples were sonicated with methanol, washed with copious amounts of water followed by methanol, dried and stored under nitrogen atmosphere to yield the catechol terminated surface (S18). Then, surfaces were oxidised with periodate during 30 min (S19).
Finally, quinone-functionalized slides (S19) were immersed in 3 mM BCN derivative (1) in DCE solution under N 2 and kept reacting. After completion of reaction for the desired time (8 h), the pieces (S20)were taken out, sonicated and washed with acetone to remove physisorbed moieties, dried under N 2 stream and immediately. As shown in Figure S15 , a F/N ratio around 9 indicated the full conversion of quinone groups immobilized on the silicon surfaces. S17' S18 S19 S20 
where, k' = observed rate constant (in s Figure S1 . XPS wide scan of Br-terminated monolayer (S1) with distinct Br peak visible in narrow scan. Table S1 . Evolution of F/N determined by XPS ratio and reaction efficiency (determined by F/N) vs time for the SPOQC reaction for the 3:1 mixed monolayer.
Supplementary Figures.

Time (h) F/N determined by XPS
[a] Reaction efficiency (%) [b] 0.00 0.00 0 [a] Average value of three separately prepared monolayers.
[b] Reaction efficiency was determined by comparing the F/N ratio determined by XPS at a certain time with the theoretical value of 9/1 which corresponds to the effective click of the fluorine-labelled BCN with the 1,2-quinone-functionalized monolayer. See that in that case, the final adduct attached to the monolayer would contain 9 F atoms (from the C 4 F 9 tag) and one N atom (which comes from the dopamine attachment to the monolayer). 
Cartesian Coordinates for Optimized Structures.
(A) octyl phosphonic acid ---------------------------------------------------------------- 
SPOCQ cycloadduct after reaction of BCN derivative 1 with 1,2-quinone-functionalized ---------------------------------------------------------------- 
--------------------------------------------------------------------
